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A SIMPLE ONE-STEP SYNTHESIS OF 2-PYRIDONES 

FROM BENZYLIDENEACETOPHENONES 

Jose  L. Soto* ,  C a r l o s  Seoane and Ana M. M a n s i l l a  

Depar tamen to  de Q u i m i c a  O r g d n i c a ,  F a c u l t a d  de Q u i m i c a  
U n i v e r s i d a d  Comp lu tense ,  M a d r i d - 3 .  S P A I N  

The s t u d y  o f  t h e  r e a c t i o n  o f  ma lonamide and c y a n o a c e t a m i d e  w i t h  
b e n z y l i d e n e a c e t o p h e n o n e  ( c h a l c o n e )  has  l e a d  t o  c o n t r a d i c t o r y  r e s u l t s  

1 
and has been r e p o r t e d  t o  y i e l d  e i t h e r  an u n i d e n t i f i e d  compound, 
t h e  M i c h a e l  a d d u c t , 2  an u n s a t u r a t e d  p i p e r i d ~ n e , ~  o r  m i x t u r e s  o f  com- 

p o u n d ~ . ~  We now r e p o r t  t h a t  u n d e r  a p p r o p r i a t e  c o n d i t i o n s  t h e  r e a c -  
t i o n  o f  benzylideneacetophenones ( I )  w i t h  c y a n o a c e t a m i d e  i s  a good 
r o u t e  f o r  t h e  o n e - s t e p  s y n t h e s i s  o f  4,6-diaryl-3-cyano-2-pyridones 
(11).  The r e a c t i o n  i n v o l v e s  t h e  M i c h a e l  a d d i t i o n  o f  c y a n o a c e t a m i d e  
f o l l o w e d  b y  s p o n t a n e o u s  c y c l i z a t i o n ,  d e h y d r a t i o n  and dehydrogenation. 

Ar 
I 

8 P i p e r i d i n e  
Ar-CH=CH-C-Ai + CN CH2 CONH2 

E t O H ,  Ref lux A t  
I 

.. 
H 

I 1  

The r e a c t i o n  i s  v e r y  s i m p l e  t o  p e r f o r m  and p y r i d o n e s  I 1  p r e c i -  

p i t a t e  i n  good y i e l d  f r o m  t h e  r e a c t i o n  m i x t u r e .  The p y r i d o n e s  ob- 

t a i n e d  f r o m  a s e r i e s  o f  s u b s t i t u t e d  benzylideneacetophenones a r e  
l i s t e d  i n  T a b l e  1, t o g e t h e r  w i t h  t h e  y i e l d s  and p h y s i c a l  d a t a .  
W i t h  benzylideneacetophenones b e a r i n g  n i t r o  s u b s t i t u e n t s  ( I ,  Ar=  
- m-N02C6H4, A r ' = C  6 5  H and A r = C 6 H 5 ,  Ar '=F-NO2C6H4) t h e  e x p e c t e d  p y -  
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SOTO, SEOANE AND MANSILLA 

r i d o n e s  a r e  n o t  o b t a i n e d  f r o m  t h e  c o m p l e x  r e a c t i o n  m i x t u r e .  
T h e  p r e p a r a t i o n  o f  p y r i d o n e s  I 1  c a n  a l s o  b e  a c h i e v e d  b y  r e a c -  

t i o n  o f  c y a n o a c e t a m i d e  w i t h  b e n z y l i d e n e a c e t o p h e n o n e s  a t  r o o m t e m -  
p e r a t u r e ,  b u t  t h e  y i e l d s  a r e  l o w e r  o w i n g  t o  t h e  f o r m a t i o n ,  t o g e -  

t h e r  w i t h  p y r i d o n e s  I I ,  o f  v a r i a b l e  a m o u n t s  o f  3 , 5 - d i  a r y l  - 2 - c y a -  
n o - 5 - o x o p e n t a n a m i d e s  ( 1 1 1 )  ( M i c h a e l  a d d u c t s )  o r  2 - b e n z o y l - 4 - c a r -  

boxamido-4-cyano-1,3,5-triarylcyclohexanols ( V I )  (Scheme 1 ) .  T h e  

l a t e r  c o m p o u n d s  r e s u l t  f r o m  t h e  M i c h a e l  a d d i t i o n  o f  b e n z y l i d e n e -  

a c e t o p h e n o n e  t o  111, g i v i n g  r i s e  t o  V f o l l o w e d  b y  a n  a l d o l  t y p e  
c y c l i z a t i o n  t o  V I .  4 ' - N i t r o b e n z y l i d e n e a c e t o p h e n o n e  ( I ,  A r =  C 6 H 5 ,  

A r ' = L - N O 2 C  H ) r e a c t s  w i t h  c y a n o a c e t a m i d e  a t  r o o m  t e m p e r a t u r e  t o  6 4  
g i v e  6 - h y d r o x y - 2 - p i p e r i d o n e  I V  ( A r = C 6 H 5 ,  A r ' = p - N 0 2 C 6 H 4 )  as  t h e  

o n l y  p r o d u c t .  

Ar Ar 

1 H2 
111 

1 

V v1 

SCHEME 1 
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SYNTHESIS OF 2-PYRILDNES FROM BENZYLIDWEACETOPHENONES 

TABLE 1. P h y s i c a l  d a t a  o f  4,6-diaryl-3-cyano-2-pyridones ( I I ) a  

Combustion Analysis C,H,N 
Cal cd. (Found) Cmpd A r  Ar ’ (h rs )  Time Y ie ld  mp .b (oC)  

I I a  ‘gH5 ‘gH5 60 

I I b  p - C H 3 C 6 H 4  ‘gH5 36 

IIc p--CH3OC,H, C 6 H 5  24 

I I d  p-C1C6H4 ‘gH5 42 

I I e  C 6 H 5  e - C H 3 C 6 H 4  65 

I I f  C6H5 e-CH30C6H4 70 

11s C 6 H 5  p-C1C6H4 70 

62 

75 

78 

68  

57 

58  

5 1  

302 - 304 

310-312 

306-308 

313-315 

246-248  

2 54 -256 

288-290  

7 9 . 4 1  4 . 4 1  10 .29  
( 7 9 . 0 8 ) ( 4 . 2 4 ) ( 1 0 . 1 5 )  

79.12 4.89 9 . 7 9  
( 7 8 . 8 5 ) ( 4 . 9 2 ) ( 1 0 . 1 6 )  
75 .49  4 .63  9 .27  

( 7 5 . 1 7 ) ( 4 . 7 3 ) ( 9 . 2 1 )  
70 .47  3 .59  9.14‘ 

( 7 0 . 8 6 ) ( 3 . 6 6 ) ( 9 . 4 0 )  
79 .12  4 . 8 9  9 . 7 9  

( 7 8 . 9 5 1  ( 5 . 1 3 )  (9 .94  ) 
75 .49  4 .63  9 . 2 7  

( 7 5 . 2 3 )  ( 4 . 8 1  ) ( 9 . 2 2 )  
d 70 .47  3.59 9 .14  

( 7 0 . 2 2 ) ( 3 . 8 1 ) ( 9 . 3 6  

a )  A l l  compounds were  r e c r y s t a l l i z e d  f r o m  e t h a n o l .  b ) M e l t i n g  

c )  C1: C a l c d ,  11 .58 .  Found, 11 .95 .  d )  C1: C a l c d ,  11 .58 .  F 0 u n d ~ i i . 6 2  
p o i n t s  a r e  u n c o r r e c t e d .  

E X P E  R I  MENTAL 

M e l t i n g  p o i n t s  were  d e t e r m i n e d  i n  c a p i l l a r y  t u b e s .  The NMR s p e c -  
t r a  were  r e c o r d e d  on  a V a r i a n  T-60A and I R  s p e c t r a  were  measured  
w i t h  a P e r k i n - E l m e r  257.  M i c r o a n a l y s i s  were  p e r f o r m e d  b y  C e n t r o  Na- 
c i o n a l  de Q u i m i c a  O r g i n i c a  de M a d r i d .  The r e a c t i o n s  were  m o n i t o r e d  
b y  TLC p e r f o r m e d  on s i l i c a  g e l  p l a t e s  w i t h  b e n z e n e l e t h y l  a c e t a t e 1 : l  
as t h e  e l u e n t .  B e n z y l i d e n e a c e t o p h e n o n e  ( I a )  was o b t a i n e d  f r o  Merck, 
I b - I e  w 
D i l t h e y f S  were  u s e d  f o r  t h e  p r e p a r a t i o n  o f  I f  and I g .  3 - N i t r o b e n z y -  
l i d e n e a c e t o p h e n o n e  ( I h )  and 4 ’ - n i  r o b e n z y l i d e n e a c  t o p h e n o n e  ( I i )  we- 
r e  p r e p a r e d  as  d e s c r i b e d  b y  S o r g e i l  and Weygand, l$ r e s p e c t i v e l y .  

4,6-Di aryl -3-cyano-2-pyri dones ( I  I ) . G e n e r a l  P r o c e d u r e .  - The a p p r o -  
p r i a t e  b e n z y l i d e n e a c e t o p h e n o n e  ( I )  ( 0 . 0 0 5  m o l e )  and 0 .005 m o l e  o f  
c y a n o a c e t a m i d e  were  m i x e d  i n  25 m l  o f  d r y  e t h a n o l  and a few drops o f  
p i p e r i d i n e  added .  The r e a c t i o n  m i x t u r e  was h e a t e d  t o  r e f l u x  f o r  a 
v a r i a b l e  number o f  h o u r s  ( T a b l e  1 ) .  The p y r i d o n e s  I 1  p r e c i p i t a t e d  
a s  c o l o r l e s s  c r y s t a l l s  o n  c o o l i n g  and were  c o l l e c t e d .  A f u r t h e r  crop 
o f  p r o d u c t  c o u l d  be  o b t a i n e d  b y  e v a p o r a t i o n  o f  t h e  m o t h e r  l i q u o r s .  
The c o m b i n e d  c r o p s  w e r e  r e c r y s t a l l i z e d  f r o m  e t h a n o l .  The p h y s i c a l  
and  a n a l y t i c a l  d a t a  o f  t h e s e  compounds a r e  c o l l e c t e d  i n  T a b l e  l a n d  

e p r e p a r e d  as  d e s c r i b e d * .  The me thods  o f  S t a u d i n g e r !  and 
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SOTO, SEOANE AND MANSILLA 

spectroscopic data in Table 2. 

TABLE 2. Spectroscopic data of 4,6-diary1-3-cyano-Z-pyridones (11) 

N M R ~  I R b  
Cmpd ArH 5-H CH3- CH30- CN CO 
IIa 7.10-7.80 6.60 2220 1640 
I I b  7.00-7.80 6.55 2.20 2215 1635 
I Ic 6.85-7.70 6.60 3.70 2215 1640 
I I d  7.20-7.80 6.60 2215 1635 
I Ie 7.00-7.80 6.60 2.25 2215 1635 
IIf 6.75-7.80 6.60 3.75 2220 1630 
119 7.10-7 .ao 6.55 2220 1640 

a) Obtained in DMSO-d6 at 60 MHz and reported i n  6 values 
against TMS as the internal standard. 

b) Performed i n  potassium bromide pellets. 

3-Phenyl-5-(p-methylphenyl)-2-cyano-5-oxopentanamide (IIIe).- To 
1.1 g of 4 ' - m e t h y l b e n z y l i d e n e a c e t o p h e n o n e  (Ie) (0.005 mole) and 
0.42 g (0.005 mole) of cyanoacetamide i n  25 ml of dry ethanol , a 
few drops of piperidine were added and the mixture is stirred at 
room temperature until complete solution occurred . After standing 
at room temperature, 0.54 g (46%) of IIIe, mp. 151-153" were co- 
llected and recrystallized from ethanol. Pyridone IIe was reco- 
vered from the mother liquors in 389: yield. 
- Anal. Calcd. for ClgHl8N2O2: C, 74.51; H, 5.88; N, 9.15. Found: 
C, 74.91; H, 5.99; N, 9.22. 

I R  (KBr pellet): 3450, 3320, 2240, 1675, 1650, 1600 cm-'. N M R  
(DMSO-d6): 6 7.10-7.90 (m, 9H arom, NH2), 3.20-4.20 (m, 4H),2.25 
( s ,  3H, CH3). 

3-Phenyl-5-(p-methoxyphenyl)-2-cyano-5-oxopentanamide (IIIf).- 
Following the procedure described above and starting from 1.19 
g (0.005) mole of 4 ' - m e t h o x y b e n z y l i d e a c e t o p h e n o n e  (If) and 0.42 
g of cyanoacetamide, 0.55 g (56%) of IIIf are isolated, mp.154- 
155"(from ethanol). Pyridone IIf is recovered in  37% yield from 
the mother liquors. 
- Anal. Calcd. for ClgHl8N2O3: C, 70.81; H, 5.59; N, 8.69. Found: 
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S Y N T H E S I S  OF 2-PYRIDONES FROM BENZYLIDENEACETOPHENONES 

C ,  70 .86 ;  H ,  5.54; N ,  8.88 .  
I R  ( K B r  p e l l e t ) :  3460, 3320, 2240,  1675,  1650,  1595 c m - l .  NMR 

(DMSO-d6):6 6 .90-8 .00  ( m y  9H arom, YH2),  3 .20-4 .30  ( m y  4H),  3 .80  
( s ,  3H, CH30).  

2-Benzo~l-4-carboxamido-4-cyano-l-phenyl-3,5-di(p-methylphenyl)- 
c y c l o h e x a n o l  ( V I b ) . -  A s u s p e n s i o n  o f  1.11 g (0 .005  m o l e )  o f  4 -  
m e t h y l b e n z y l i d e n e a c e t o p h e n o n e  ( I b )  and 0.42 g (0 .005  m o l e )  o f  
c y a n o a c e t a m i d e  i n  25 m l  o f  d r y  e t h a n o l  i s  s t i r r e d  a t  room tempe-  
r a t u r e  w i t h  a few  d r o p s  o f  p i p e r i d i n e  u n t i l  t o t a l  s o l u t i o n  o f  
t h e  r e a c t a n t s  o c c u r s .  A f t e r  s t a n d i n g  a t  room t e m p e r a t u r e ,  0 .139  
( 9 % )  o f  V I b  p r e c i p i t a t e d ,  w e r e  f i l t e r e d  and r e c r y s t a l l i z e d  f r o m  
e t h a n o l  , mp. 221-223' .  C o n c e n t r a t i o n  o f  t h e  m o t h e r  l i q u o r s  af fords 
0 .58  g ( 4 1 % )  o f  p y r i d o n e  I I b .  
- A n a l .  C a l c d .  f o r  C35H32N203: C ,  79 .54 :  H ,  6 .06 ;  N ,  5 .30 .  Found:  
C ,  79.29; H ,  6 .15 ;  N ,  5.37. 

I R  ( K B r  p e l l e t ) :  3470, 3360, 3330, 2230,  1680,  1650 cm-'.  NMR 
(DMSO-d6): 6 6 .80 -7 .80  ( m y  18H arom, NH2),  6 .45  ( s ,  l H ,  OH),3.00 
-4 .80  ( m y  3H) ,  2 .25  ( s ,  3H, CH3),  2.05 ( 5 ,  3H, C H 3 ) ,  1 . 8 0  (d,2H 

C H 2 ) .  M S :  m/e= 528 (M', 2 ) ,  3 0 7 ( 3 ) ,  2 2 4 ( 2 0 ) ,  2 2 3 ( 1 0 0 ) ,  1 4 5 ( 1 6 ) ,  
1 2 0 (  1 6 ) .  

2-Benzoyl-4-carboxamido-4-cyano-l-phenyl-3,5-di-(p-chlorophenyl) 
c y c l o h e x a n o l  ( V I d ) . -  S t a r t i n g  f r o m  1 . 2 1  g o f  4 - c h l o r o b e n z y l i d e n e -  
a c e t o p h e n o n e  ( I d )  and 0 .42  g o f  c y a n o a c e t a m i d e  and f o l l o w i n g  t h e  
same p r o c e d u r e  d e s c r i b e d  above,  0 . 2 1  g ( 1 5 % )  o f  V I d  were  i s o l a t e d  
mp. 2 3 2 - 2 3 4 ' ( f r o m  e t h a n o l ) .  P y r i d o n e  I I d  was i s o l a t e d  f r o m  t h e  m? 
t h e r  l i q u o r s  i n  40% y i e l d .  

Anal. C a l c d .  f o r  C33H28N203C1: C ,  69 .35 ;  H ,  4.90, N ,  4.90; C1, 
12.43. Found: C ,  69 .67 ;  H ,  4 .79 ;  N ,  5.35; C1, 12 .68 ,  

I R  (KBr  p e l l e t ) :  3440, 3360,  2230, 1685,  1650,  1645, 1605 cm-' 
NMR (DMSO-d6): 6 6 .80 -7 .80  ( m y  18H arom, N H 2 ) ,  5,70 ( s ,  l H ,  OH) , 
3.30-4 .60  ( m y  3H) ,  2 .00  ( d ,  2H, CH2) .  

3-Cyano-4-phenyl-6-hydroxy-6-(p-nitrophenYl)-2-piperidone ( I V i ) . -  

A s u s p e n s i o n  o f  1 .26  g (0 .005  m o l e )  o f  4'-nitrobenzylideneaceto- 
phenone ( I i )  and  0 .42  g (0 .005  m o l e )  o f  c y a n o a c e t a m i d e  i n  20 m l  
o f  d r y  e t h a n o l  w i t h  a few  d r o p s  o f  p i p e r i d i n e  was s t i r r e d a t  room 
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SOTO, SEOANE AND MANSILLA 

t e m p e r a t u r e  f o r  a f e w  h o u r s .  A s o l i d  p r e c i p i t a t e d  b e f o r e  c o m p l e t e  

s o l u t i o n  o f  t h e  r e a c t a n t s  was a c h i e v e d .  F i l t r a t i o n  o f  t h e  s o l i d  

y i e l d s  1 . 5 5  g ( 9 2 % )  o f  I V i ,  mp. 1 6 6 - 1 6 8 " ( f r o m  e t h a n o l ) .  

A m .  C a l c d .  f o r  C18H15N304: C ,  6 4 . 0 9 ;  H ,  4 . 4 5 ;  N ,  1 2 . 4 6 .  F o u n d  

C ,  6 3 . 8 8 ;  H ,  4 . 5 0 ;  N ,  1 2 . 4 2 .  

I R  ( K B r  p e l l e t ) :  3 3 2 0 ,  3 2 6 0 ,  2 2 5 0 ,  1 6 8 5 ,  1 6 0 0  cm- ' .  N M R  ( D M -  

S O - d 6 ) :  6 8 . 8 5  ( s ,  l H ,  N H ) ,  7 . 0 0 - 8 . 3 0  ( m y  9H a r o m ) ,  6 . 8 5  ( s ,  l H ,  

O H ) ,  4 . 5 5  ( d ,  l H ) ,  3 . 9 0  ( m y  l H ) ,  2 . 2 0  ( m y  2H, CH2). 

A c k n o w l e d g e m e n t s . -  S u p p o r t  o f  t h i s  w o r k  b y  a g r a n t  f r o m  t h e  Co-  
m i s i d n  A s e s o r a  d e  I n v e s t i p a c i 6 n  C i e n t i f i c a  y T d c n i c a  o f  t h e  P r e -  
s i d e n c i a  de  G o b i e r n o  o f  S p a i n  i s  g r a t e f u l l y  a c k n o w l e d g e d .  One o f  
u s  ( A . M . M . )  w o u l d  l i k e  t o  t h a n k  t h e  I n s t i t u t o  N a c i o n a l  de As is ten -  
c i a  y P r o m o c i B n  d e l  E s t u d i a n t e  f o r  a f e l l o w s h i p .  
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